The Epworth Sleepiness Scale (ESS) was initially developed to measure daytime sleep propensity in patients affected by a variety of sleep disorders. Obstetrical research has measured sleepiness in pregnant women with the ESS, although a psychometric analysis and dimensionality evaluations have never been conducted with this population.
The purpose of the development of the ESS was to provide a convenient, standardized and cost-effective way to measure sleep propensity in patients who suffer from sleep disorders [8] . Additionally, variability in daily routines is accounted for in this instrument, as frequency is not assessed (for example, not everyone sits and reads every day; however, nearly everyone can assess their likelihood of dozing when in this situation). The development of the ESS has provided a cost-effective, unobtrusive instrument that quickly and accurately assesses daytime sleepiness.
Prior Psychometric Evaluations
Since its development in 1991, the ESS has been administered to a variety of populations to determine its reliability. Overall, when measured in a sleep disturbed population, the reliability of the scale has been established in foreign languages ( α = .81 to .88) [12] [13] [14] [15] [16] , and English-based studies ( α = .78 to .88) [17] [18] [19] 5] . When administered to populations not recruited from a sleep clinic, the reliability of the ESS is more variable, with Myotonic Dystrophy patients exhibiting the lowest internal consistency ( α = .24) [20] and Parkinsons' patients providing the highest reliability score ( α = .84) [7] .
The factor structure of the ESS has also been examined in a variety of populations. A Principal Components Analysis (PCA) of the ESS was included in Heaton's (2007) evaluation of long-haul truck drivers [5] . PCA of the ESS was also performed using a sample of college students [21] , patients with sleep disorders [18] , and victims of Parkinson's Disease [7] . Izci (2008) , examined the dimensionality of a Turkish version of the ESS [16] , and Johns (1992) and Johns (1994) performed factor analysis of the ESS in a group of patients with sleep disorders, but these studies did not describe the factor analytic method [19, 22] . Factor analyses of the ESS have yielded both one [14, 16, 19, 22] and two factors [21, 18, 7, 5] . Only one study, to our knowledge, has performed a Confirmatory Factor Analysis (CFA) with the ESS [17] . The examination of the ESS in OSAS patients resulted in a one-factor solution only when items 6 and 8 were deleted [17] .
Use of ESS in Obstetric Population
Previous studies focusing on the obstetric population have utilized the ESS to measure daytime sleepiness. Mindell (2000) revealed that despite 67.2% of subjects reporting "moderate" to "very great" daytime sleepiness, no differences were found in ESS total scores throughout pregnancy [4] . Izci (2005) uncovered that among pregnant women who snore, ESS scores were higher, which indicated an increase in daytime sleepiness [23] . Despite the extensive use of the ESS in the obstetric population to examine quality of life [24] and risk of late stillbirth [25] , the psychometric properties have not been explored using a sample of pregnant women.
PURPOSE
Psychometric evaluations of the ESS have been performed in a variety of populations with varied results. The wide variability among findings in clinical populations suggest that further exploration of the dimensionality of the ESS is needed to facilitate appropriate scoring. A psychometric evaluation of the ESS is necessary if pregnancy-related research aims to accurately measure sleep propensity in the obstetric population. This is especially vital since poor sleep is associated with pregnancy complications, including preterm labor [26] and gestational diabetes mellitus [27] . The purpose of this study was to assess the psychometric performance of the ESS in women who are in their first trimester of pregnancy (n=337).
METHODS

Sample and Parent Study (PEPP III)
This study was a secondary analysis of data collected through a larger project, Prenatal Exposures and Preeclampsia Prevention III (PEPP) study, which aims to better understand the role of obesity in the pathogenesis of preeclampsia, though subjects of all BMIs are invited to participate. The PEPP III study has recruited both longitudinal (before preeclampsia) and cross-sectional (preeclamptic or suspected preeclamptic) subjects, and remains an ongoing project through the Magee-Women's Research Institute. Longitudinal subjects were recruited during the first trimester at a prenatal appointment at the WomanCare clinic at Magee-Womens Hospital. Subjects had a total of five study visits that occur during regularly scheduled appointments: 1) first trimester, 2) second trimester, 3) third trimester, 4) immediately postpartum and 5) 6-week postpartum clinic visit. PEPP III has been approved by the University of Pittsburgh's Institutional Review Board (IRB), and all participating subjects signed an informed consent before any research procedures were performed. Additionally, approval to conduct this secondary analysis was obtained by the University of Pittsburgh's IRB.
The sample for this analysis reflects only the longitudinal subjects who were recruited by the PEPP III study between January 2009 and September 2011 (n=337). Cross-sectional subjects with suspected preeclampsia were not included in this project, since these women delivered at different gestational ages and completion rates for the ESS were lower in this subgroup. Mindell (2000) reports no differences in the ESS scores throughout pregnancy [4] ; thus, data from one time point during the first trimester was analyzed in this study. At this time point subjects completed, the ESS, Life Orientation Test (LOT) and Pittsburgh Sleep Quality Index (PSQI), among other questionnaires not included in this secondary analysis.
Instruments
Epworth Sleepiness Scale (ESS)-The ESS is a self-administered, eight-item questionnaire that takes 2-3 minutes to complete [22] . Items address daily lifestyle activities and the respondent is asked to rate their likelihood of dozing in each situation, from: "would never doze" (0) to "high chance of dozing" (3) . The ESS provides a cumulative score between 0 and 24, with higher numbers indicating greater daytime sleepiness.
Life Orientation Test (LOT)-The Life Orientation Test measures general optimism
versus pessimism with ten Likert-scaled items that range from "strongly disagree" (0) to "strongly agree" (4) [28] . This scale is designed to assess overall expectations for positive or negative outcomes [29] and is widely used in social and medical sciences, including obstetrics [30] . Reports of the scale's reliability are mostly adequate but with large variability, ranging from α = .35 [31] to α = 0.85 [32] .
Pittsburgh Sleep Quality Index-Item five from the Pittsburgh Sleep Quality Index (PSQI) contains ten questions and measures nighttime sleep disturbances. Item 5e asks the subject to identify the frequency of trouble sleeping in the past month due to coughing or snoring (not during the past month, less than once a week, once or twice a week or three or more times a week). The PSQI has been shown to have high internal consistency ( α = .83) in clinical populations [33] .
Statistical Analyses
Preliminary Analyses-Descriptive statistics were computed for the demographic variables and the percent of missing data was assessed. Distributions for each ESS item, PSQI (item 5e) and LOT score were examined with histograms and q-q plots. The ShapiroWilk test was used as a formal test for univariate normality for all items of each instrument used in the analysis. Potential multivariate outliers were assessed three ways: 1) scatterplots, 2) Mahalanobis Distance and 3) leverage values. The initial screening of data and Principal Components Analysis (PCA) were performed using Statistical Packages for the Social Sciences [34] , while the confirmatory analyses were performed using MPLUS [35] .
Principal Components Analysis-The inter-item correlation table was obtained to summarize the interrelationships among the eight items that comprise the ESS. The Keiser-Meyer-Olkin statistic (KMO) and Bartlett's test of sphericity were obtained to ensure the suitability of factor analysis. KMO values of .6 indicated that a factor analysis was appropriate [35] . Communalities, the scree plot, total variance explained and eigenvalues were assessed along with factor loadings in order to determine factor structure. Factor loadings of greater than .32 were considered sufficient, while items with factor loadings of . 32 or greater on more than one factor were considered cross-loading [37] . PCA was performed and both varimax and promax rotations were applied in one half of the sample (n=168). Varimax cross-loadings are reported, since this orthogonal rotation assumes uncorrelated factors and therefore provides a clearer picture of loadings [38] . Next, the emergent factor structure was tested using confirmatory techniques with the other half of the sample (n=169). In order to assess model fit, the Root Mean Square Error of Approximation (RMSEA) and Comparative Fit Index (CFI) were examined. RMSEA values of less than .05 and values higher than .90 for CFI were indicative of good model fit.
Reliability and Validity-The internal consistency of the ESS was assessed with Cronbach's alpha to obtain: 1) an overall reliability, and 2) subscale reliabilities. Cronbach's alpha levels of .80 or greater were considered acceptable since the ESS is an established instrument [39] . Data from a gold standard measure of daytime sleepiness were not available; therefore, a series of hypotheses were tested to further evaluate validity [40] :
1. The ESS subscale score(s) will be weakly and not significantly correlated with LOT scores, since these instruments measure different constructs. A weak r-value and nonsignificant p-value will reinforce that the LOT and ESS measure unrelated (discriminant) concepts. This hypothesis was tested using appropriate correlational techniques.
2.
The ESS subscale score(s) will be positively correlated with Item 5e of the PSQI, which measures difficulty sleeping due to coughing or snoring. Previous studies have shown snoring is positively correlated with ESS scores in pregnant women [23] . Hypothesis 2 was tested by computing correlations between the ESS subscale(s) and item 5e of the PSQI.
RESULTS
There were no missing cases for the ESS data and missing data was less than 3% for the LOT questionnaire and Item 5e of the PSQI. The descriptives and analyses do not include data from eight subjects that were removed as influential multivariate outliers. Descriptives (Table 1) are reported for each analysis group. Sum ESS scores were similar between both groups and were consistent with previous findings that used the ESS in a pregnant population. The examination of the descriptives, box plots, histograms and q-q plots indicated that the items of the ESS, LOT and item 5e (PSQI) were non-normal.
Principal Components Analysis
Correlations from the inter-item correlation matrix ranged from r= 0.07 to r= 0.455. There were no correlations greater than 0.5, indicating no problems with multicollinearity [41] . The KMO of 0.788 indicated that the dataset was suitable for factor analysis. Additionally, Bartlett's test of sphericity was significant (p<0.005); therefore it was appropriate to perform a factor analysis with this sample. Communalities, which quantify the amount of variance between items, ranged from 0.300 to 0.784.
We uncovered a two-factor structure through the examination of the scree plot, eigenvalues, and factor loadings. These findings were similar to a previous factor analysis of the ESS [5] . An examination of the scree plot (Figure 1 ) revealed the possibility of two factors. Two factors had eigenvalues greater than one and explained 50.59% of the total variance (Table  2) . Three items loaded onto factor one (items two, four and five) and two items loaded onto factor two (items six and eight). Items one and three, though technically cross-loading (greater than 0.32 on both factors), were most theoretically appropriate under factor one, for which the loading was higher (Table 2) . Item seven (sitting quietly after lunch without alcohol) has nearly identical cross-loading values on both factors (0.492 and 0.497). Factor one is comprised of life situations in which dozing is socially acceptable, and factor two depicts life situations in which dozing is socially unacceptable.
Confirmatory Factor Analysis
In order to determine if the findings of the PCA were appropriate, we compared the twofactor model to a one-factor model of previous findings [14, 16, 19, 22] using confirmatory factor analysis. The indices of the two-factor model were compared to the indices of the one-factor solution. While both models yielded a good model fit, the two-factor solution produced a slightly better solution, with lower RMSEA and higher CFI indices (Table 3 ).
Reliability
The overall Cronbach's alpha of the ESS was very close to the recommended value for acceptable reliability of an established instrument [39] , ( α = .751) . The reliability of factor one was also acceptable ( α = .743) , while the reliability of factor two was well below the acceptable level ( α = .524 ). As previously discussed, rotated factor loadings for item seven were similar for both factors. To determine the appropriate factor for this item, reliability was examined with and without item seven on the overall scale and on each factor. The resulting Cronbach's alpha for the overall score without item seven ( α = .708 ) was less than when it was included in the overall score ( α = .751) . Additionally, the reliability of factor one was lower without item seven ( α = .706) . The reliability of factor two with item seven was lower than when item seven was omitted from factor two ( α = .488 and α = .
524 , respectively). The results of the reliability analysis provided evidence that item seven should remain on factor one.
Validity
Hypotheses 1:
As expected, the correlations between the emergent ESS subscales and the LOT scores were very low and nonsignificant. The correlation between Factor one (sleepiness in appropriate situations) and the overall LOT score was very weak (r =.094, p=. 088), while the correlation between Factor two (sleepiness in inappropriate situations) and the overall LOT score was even lower (r= .075, p = .169). Additionally, the magnitude of the relationship between the overall score of the ESS and the overall LOT score was diminutive (r = .095, p = .084). Hypothesis 2: A significant and positive correlation was revealed between Factor two of the ESS (items six and eight) and item 5e (PSQI) (r s =.119, p=.031). The positive direction indicated that as trouble sleeping due to coughing or snoring increased, sleepiness in socially inappropriate situations increased.
DISCUSSION
There have been several previous psychometric evaluations of the ESS in various populations, but to our knowledge, none have assessed the validity or reliability in a sample of pregnant women. A previous evaluation of the ESS has revealed a potential gender bias, as women who report unrest are less likely than men to have an elevated ESS score >10 [42] . However, another study uncovered similar ESS scores between men and women [43] . This represents a dearth of information related to the performance of the ESS in specific clinical populations, including pregnant women. According to the Standards of the American Educational Research Association (1999) [40] , it is the responsibility of the user of an instrument to justify its use, either by synthesizing prior evidence or by providing new supporting evidence. This study provided an overview of prior psychometric studies, and supplied new evidence obtained with a sample of obstetric patients.
Due to the conflicting results of prior factor analytic studies, it was our goal to determine the appropriate dimensional structure of the ESS when used in samples of pregnant women. Previous studies have reported both one and two factor structures. In order to score the ESS appropriately, the researcher must be familiar with the dimensionality of the instrument. Using an overall (unidimensional) score of a multidimensional instrument may result in a loss of information that could reflect an important characteristic of the population, and it could lead to incorrect inferences with consequential outcomes. Performing a PCA allowed us to uncover a preliminary structure that reflected two factors: sleepiness in appropriate situations and sleepiness in inappropriate situations. In order to justify and substantiate this finding, we performed a CFA and found this structure to be appropriate. These findings imply that future researchers should score the ESS in two parts. High scores on sleepiness in inappropriate situations could be an indication of further complication during pregnancy. Previous work has shown that sleepiness in pregnant women can be related to preterm labor [26] and gestational diabetes mellitus [27] ; however, the relationships between these clinical characteristics and the factors of the ESS have yet to be explored.
Once the two-factor structure was confirmed, we continued to substantiate psychometric evidence by examining the reliability of the emergent subscales. The internal consistency of factor 1 was adequate; however, the internal consistency of factor 2 was below standard. The low Cronbach's alpha of factor 2 ( α = .524) could be due to the limited number of items (n=2). The two items of factor two are related to situations in which sleeping is socially unacceptable. We recommend that more content relevant items representative of sleepiness in socially unacceptable situations be added to factor two.
Item seven (sitting quietly after lunch without alcohol) may be unclear to a population to which this scenario may not apply, and its inclusion illustrates the justification for psychometric testing of the ESS in an obstetric population. The wordage of this item within an obstetric population deserves further explanation, since only one out of eight pregnant women report alcohol consumption [44] , a rate that is markedly lower than that of the general population. The inclusion of item seven does increase the reliability of factor one; therefore, we recommend when using the ESS with an obstetric population, item seven could be reworded to: "sitting quietly after lunch". This wordage continues to measure postprandial doziness, yet considers the life experience common to this population.
The absence of data obtained from a gold-standard measure of daytime sleepiness led us to test a series of hypotheses in order to further establish the validity of the two subscales obtained from the ESS. The emergent subscales of the PCA were assessed in order to further substantiate the use of the two-factor structure. The LOT questionnaire and ESS subscales were very weakly correlated and non-significant, which supported hypotheses (1A) and (1B), respectively. The LOT questionnaire, which measures orientation to life situations as positive (optimistic) or negative (pessimistic), is not expected to be related to sleep propensity; therefore, this implies that both subscales of the ESS are measuring a different construct than the LOT. The significant relationship between factor two of the ESS and item 5e of the PSQI supports hypothesis (2). Izci (2005) reported a significant positive relationship between snoring and ESS scores among pregnant women in the third trimester [23] . Our findings support this relationship and suggest that this pattern may also exist in the first trimester. The significant correlation with only factor two during the first trimester supports a two-factor structure rather than a unidimensional scale, as dozing during socially unacceptable scenarios may be more common among sleepier subjects.
While these findings seem to support the use of a two-factor structure when using the ESS in a sample of pregnant women, some limitations to the current investigation should be addressed. A large proportion of our sample was African American (58.9%), which could skew the findings. Previous work has shown that African Americans score higher on the ESS and generally experience more sleepiness than Caucasians [45] . The relationship between ESS scores and race should be further investigated, as the larger sample of African Americans in our sample could have led to the emergence of factor two.
Other limitations of this study include the unavailability of parity status, as children in the home may impact sleep cycles and subsequent daytime sleep propensity; however, previous work has revealed that children at home did not significantly impact sleepiness [4] or sleep duration [46] . Additionally, depression symptoms, including fatigue, low energy, and lack of vigor may confound ESS scores [16] , and employment status, which influence sleep patterns [47] , were not investigated in this secondary analysis. Additionally, item 5e (PSQI) includes both snoring and coughing; however, only snoring has been associated with ESS scores [23] , sleep disturbances [4] and pregnancy complications [23] . We were not able to delineate between the coughing and snoring effects to accurately conclude which is most related to daytime sleepiness in socially appropriate and inappropriate situations.
Conclusions
This is the first time the psychometric properties of the ESS have been examined in an obstetric sample. The performance of this instrument is generally consistent with previous evaluations of the ESS [5] . The findings of this investigation supply additional reliability and validity evidence for the ESS and provide evidence of a multidimensional, two-factor structure of the ESS when it is used as a measure of daytime sleep propensity in pregnant women. Further evaluation of this instrument is needed to investigate the relationships between the two factor structure with relevant demographic and clinical characteristics. Also, the structure should be confirmed in pregnant women at various stages of pregnancy. Sleep Med. Author manuscript; available in PMC 2014 January 01.
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